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A few too many photons!?
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A few too many photons!?
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How to enhance diphoton signal:

I'(h —
o(pp =+ h = vy) =o(pp — h) X ( = )

A h

A

e

Couple Higgs to
new colored states

Couple Higgs to
new charged states

Reduce coupling of

Higgs to bottom |
Reduce/change sign 188> tO bottom quariks

of Higgs-top coupling

Increase rate of Higgs production and/or
Increase rate of Higgs decay into a pair of photons

* Change couplings of Higgs to SM particles




Another approach: apparent enhancement

Essential feature: the process pp — h — v is not
the origin of the extra photons; rather, a new state is!

An example: h — 2a — 4y

Dobrescu Landsberg Matchev '00
Draper, McKeen ’12
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Higgs has a small branching into a very light state which subsequently
decays to a pair of highly boosted, collimated photons

Each photon pair reconstructed as a single photon, so as to mimic h — ~y~y



Apparent enhancement from a nearby state Y

h Y has its own coupling to
v b AM <1 GeV photons or gluons
Cy Cy
—YFF+ —Y
Ly D A + A GG
X Splitting must be small
to preserve 125 GeV peak
3 cases:

Degenerate brother: mixing between Higgs and Y

Degenerate daughter: Higgs decays into Y

Degenerate mother: Y decays into Higgs



Degenerate brother

Requirements:

1. olpp—Y)=60%c(pp — h) Z o(pp — h)Br(h — ¥7)

2. I(Y —vy) > — h*) =0Ty

=)

2
Br(h — vy)  T'(h — vy)




Minimal model

1 _
—LD 5m%VY2 + AH'HY +yYFF

mass mixing: AHTHY — Avh Yy Needed to obtain

enhancement of
/ diphoton signal
Av

mixing angle: § = T A > +/Bry_yy ~ 0.05

# 0 AM
AZ 0.1 GeV (%) (12(;”(26\/) (GeV)

Easy to obtain required production rate of Y




Decays of Y

I
Y=y >1 L'y 107° GeV
Lhosyy ™00

1

Needed to compete
with Y — A™ modes

o
Y..--
y 1
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Y 2
FY—>7’y — ‘AI/Q(TF)‘ ;

25673 M7,
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Degenerate daughter

1
}h/: ) AM <1 CeV LD LYFF
Y ——— mx < my < mp

Y produced in decay of Higgs

Requirements:
1. T(h—= XY)2>2T(h— vy)

2. TI'(Y =72 = h'X)



Minimal model

1 1 _
—L=-m%2X*+-m2Y?+ NH'HXY +yYFF

2 2 T

mass mixing and h — XY

h — XY decay width

M2 AM N \2/7AMN /126 GeV 2
T ~ — 10~° _
oAy 8mms U GeV (0.01) (GeV) < mp, )

2
mixing angle: 6 ~ AU 0.02 (L> (125 GeV> .

2ms. 0.01 my

Mild tuning to A2y

2
obtain light X: 413, O5 GeV?).




Decays of Y

We need

Y —~vy) 2 T(Y = h*X)

Decay via off-shell
Higgs is small, e.g.
3y \2v? mp
Ty xpp = log () =2
Yo X0 = 956mmy, L \2AM

A \? /126 GeV
~ 1078 —
0 Gerc(O.m) ( 5 )

Decay to 2 photons

my
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Charged particles can be heavy!



Decays of X

Due to mixing, X couples to the charged particle

I'x sy _ 92 (%)3

FY—M@/ my

0 \°/ mx \3 /125 GeV\"
~25x 107 x (— ) ( )
8 8 (0.02) 0.5 GeV ( Ty )

Long-lived

) 20 0.02\* /0.5 GeV\” ( mp )2
TX = 0 '
X N2Q4y \ 0 mx 250 GeV

Or, X could decay back to SM in jets, or to other light
states, e.g. dark matter.



Degenerate mother
1
?L/: ) AM <1 GeV L=_YGG

X — gg —Y — hX

Gives an overall enhancement to the Higgs production rate

Not what is being seen in currently ...
but who knows with more data!?



Experimental issues to understand

To mimic diphoton signal...

How small must AM be?

How light must X be?

For a large enough A M, should observe two
nearby peaks in the diphoton invariant mass spectrum

Phenomenology of the light state X

... work in progress



